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APPARATUS FOR MEASURING MOVING STATE
OF VEHICLE IN TUNNEL

BACKGROUND OF THE INVENTION

This invention relates to an apparatus for measuring a
moving state of a vehicle in a tunnel, in which by pro-
cessing an image output signal from an image pickup
camera installed in the tunnel, necessary traffic informa-
tion such as velocity of a vehicle, the number of vehi-
cles which have passed, distinction between a large
vehicle and a small vehicle, and the like is measured and
collected.

A conventional apparatus for measuring a moving
state of vehicle or automobile in a tunnel is constructed
in a manner such that original image data obtained by
photographing a moving state of a vehicle in the tunnel
and background data are image-processed to measure
vehicle velocity, number of vehicles which have
passed, kinds of vehicles (distinction between small car
and large car), and the like, and the measured results are
output.

In the above apparatus, the moving state of a vehicle
1s measured by a procedure shown in FIGS. 9A and 9B.
FIG. 9A shows the conventional apparatus, while FIG.
9B illustrates the signal waveforms corresponding to
each element of FIG. 9A.

A moving state of vehicle in a tunnel is photographed
by a video camera 1 and a video analog signal is con-
verted into digital data by an A/D converting section 2.
The digital data i of one frame which has been con-
verted by the A/D converting section 2 is stored into an
image memory 3 together with background data ii pre-
viously stored as an image in the tunnel in a state in
which no vehicle exists.

In an 1mage processing section 4, data of the vehicle
portion 1s extracted by a differential process (i-ii) be-
tween the digital data i and ii. By determining a portion
of the data exceeding a threshold value, the front edge
portion of the vehicle is detected.

The data of the front edge portion is sent to a data
processing section 5. The data processing section 5
compares transmitted present data iii and previous data
iv of the front edge portion which has been detected
from the image before a predetermined time, thereby
measuring the vehicle velocity, the number of vehicles
passed, and the like. In these technical fields, for exam-
ple, JP-A-2-306399 shows techniques for imaging or
recording running vehicles by a TV camera, and JP-A-
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escape directions upon occurrence of emergency states
in a tunnel.

However, an illuminating apparatus in the tunnel has
its illumination brightness changed between a few pat-
terns in accordance with a brightness/darkness signal
from a central unit, in order to reduce a difference be-
tween the brightness tunnel and the brightness in the
outside the tunnel. In such a conventional apparatus for
measuring a moving state of a vehicle in the tunnel, the
video signal which is transmitted from the video camera
changes at a time point at which the brightness in the
tunnel 1s switched, so that differential data between the
front edge data and the background data also changes
and there is a possibility such that an error occurs in the
data of the detected front edge portion. Therefore, the
conventional apparatus for measuring the moving state
of vehicle in the tunnel has a problem such that a mea-
suring rate or capability of the traffic information dete-
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riorates for a period of time which is taken until the
measuring apparatus follows changes in brightness.

SUMMARY OF THE INVENTION

The present invention intends to solve such conven-
tional problems and it is an object of the invention to
provide an apparatus for measuring a moving state of a
vehicle in a tunnel, in which traffic information such as
number of vehicles, velocity, and the like can be accu-
rately measured without being influenced by changes in
brightness of the illuminating apparatus in the tunnel.

According to the invention, therefore, there is pro-
vided an apparatus for measuring a moving state of a
vehicle 1n a tunnel having image pickup means installed
in the tunnel and image processing means for processing
image data that is transmitted from the image pickup
means, wherein the apparatus comprises input means
for receiving a brightness/darkness signal to adjust the
brightness of an illuminating apparatus installed in the
tunnel, and adjusting means for adjusting the image
pickup means or the image processing means in accor-
dance with the received brightness/darkness signal.

As the above adjusting means, there is provided
means for adjusting a “diaphragm” of the image pickup
means or means for adjusting a “threshold level for
analog/digital conversion”, a “threshold value” for
detection of vehicle front edge portion, or “background
data which 1s used for image processing” of the image
Processing means.

Therefore, even in the case where the brightness in
the tunnel changes in response to a change in bright-
ness/darkness signal, the adjusting means of the image
pickup means or the image processing means of the
measuring apparatus of the moving state of a vehicle in
the tunnel is operated to effect the adjustment so as not
to cause an error in the result of the measurement.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a block diagram of an apparatus for measur-
ing a moving state of a vehicle in a tunnel according to
the first embodiment:

FIG. 2 1s a flowchart for explaining the operation of
the apparatus of the first embodiment;

FI1G. 3 is a block diagram of an apparatus for measur-
ing a moving state of a vehicle in a tunnel according to
the second embodiment;

FIG. 4 1s a flowchart for explaining the operation of
the apparatus of the second embodiment:

FIG. §1s a block diagram of an apparatus for measur-
ing a moving state of a vehicle in a tunnel according to
the third embodiment;:

FIG. 6 1s a flowchart for explaining the operation of
the apparatus of the third embodiment;

FIG. 7 1s a block diagram of an apparatus for measur-
ing a moving state of a vehicle in a tunnel according to
the fourth embodiment;

FIG. 8 1s a flowchart for explaining the operation of
the apparatus of the fourth embodiment; and

FIGS. SA and 9B are diagrams for explaining a gen-
eral measuring procedure of the measuring apparatus of
the moving state of the vehicle in the tunnel.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First embodiment
In an apparatus of the first embodiment, a diaphragm
of a video camera as image pickup means is adjusted in
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accordance with a brightness/darkness signal to change
the brightness of an illuminating apparatus in the tunnel.

As shown in FIG. 1, the apparatus of the first embodi-
ment comprises the video camera 1 installed at a posi-
tion to look down on the road in the tunnel in order to
photograph a moving state of a vehicle and a main body
7 of an apparatus for measuring a moving state of a
vehicle in the tunnel as image processing means. The
measuring apparatus main body 7 of the moving state of
the vehicle in the tunnel comprises: the A/D converting
section 2 to convert the video analog signal into digital
data; the image memory 3 to store the digital data of the
photographed image and the background data; the
1mage processing section 4 to process the image data
and to detect the data of the front edge portion of the
vehicle; the data processing section 5 to measure traffic
information on the basis of the front edge portion data
detected; and an input/output section 6 for outputting
the traffic information and for receiving a brightness/-
darkness signal of the illuminating apparatus in the tun-
nel and, further, for generating a diaphragm adjustment
signal to the video camera.

The operation of the apparatus of the first embodi-
ment will now be described on the basis of a flowchart
shown in FIG. 2.

The video analog signal of the image which has been
photographed by the video camera 1 is sent to the A/D
converting section 2 and is converted into the digital
data. The digital data is transferred to the image mem-
ory 3. The digital data of one frame of the image which
has been photographed every predetermined time inter-
val is stored in the image memory 3.

Step 1: The image processing section 4 fetches the
digital data stored in the image memory 3 and the back-
ground data.

Step 2: A process to extract data of the vehicle from
the difference between the digital data and the back-
ground data 1s executed.

Step 3: Further, the front edge portion of the ex-
tracted vehicle data is detected and stored. The front
edge portion data detected is transferred to the data
processing section 5.

Step 4: The data processing section 5 compares the
previous front edge portion data and the present front
edge portion data, thereby performing a vehicle track-
Ing operation.

Step 5: Further, with respect to a running vehicle the
tracking operation of which has been finished, the exis-
tence as a vehicle which has passed is discriminated and
its velocity, kind of vehicle, and the like are measured.

Step 6: Various kinds of measured traffic information
are generated from the input/output section 6.

Step 7: The data processing section 5 fetches the
brightness/darkness signal supplied to the input/output
section 6 and discriminates the presence or absence of a
change in such a signal.

Step 8: When there is a change in brightness/darkness
signal, the data processing section 5 changes a dia-
phragm adjustment signal which has been generated
from the input/output section 6 to the video camera 1,
thereby adjusting the diaphragm of the video camera 1
to a proper amount.

According to the apparatus of the first embodiment
as mentioned above, even when the brightness in the
tunnel 1s changed, the diaphragm of the video camera 1
is adjusted, thereby preventing the occurrence of a
change in the video analog signal which is transferred
from the video camera 1 to the A/D converting section
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2. Consequently, there is no fear of occurrence of an
error in the detecting step of the front edge portion
data.

Second embodiment

In the apparatus of the second embodiment, a conver-
sion level from the analog signal to the digital signal in
the A/D converting section 2 is adjusted in accordance
with the brightness/darkness signal to change the
brightness of the illuminating apparatus in the tunnel.

As shown in FIG. 3, the apparatus of the second
embodiment differs from the apparatus of the first em-
bodiment shown in FIG. 1 with respect to a point that
in place of the diaphragm adjustment signal which is
sent from the input/output section 6 to the video cam-
era 1, the level adjustment signal is sent from the data
processing section 5§ to the A/D converting section 2.

The operation of the apparatus of the second embodi-
ment will now be described on the basis of a flowchart
shown in FIG. 4.

The video analog signal of the image photographed
by the video camera 1 is sent to the A/D converting
section 2 and converted into digital data. The digital
data 1s transferred to the image memory 3. The digital
data of one frame of the image photographed every
predetermined time interval is stored into the image
memory 3.

Step 1: The image processing section 4 fetches the
digital data stored in the image memory 3 and the back-
ground data.

Step 2: A process to extract data of the vehicle from
the difference between the digital data and the back-
ground data is executed.

Step 3: Further, the front edge portion of the ex-
tracted vehicle data is detected and stored. The de-
tected front edge portion data is transferred to the data
processing section 5.

Step 4: The data processing section 5 compares the
previous front edge portion data and the present front
edge portion data, thereby performing a tracking pro-
cess of the vehicle.

Step 5: Further, with respect to a running vehicle
whose tracking process has been finished, the existence
as a vehicle which has passed is discriminated and its
velocity, kind of vehicle, and the like are measured.

Step 6: Various kinds of measured traffic information
are generated from the input/output section 6.

Step 7: The data processing section 5 fetches the
brightness/darkness signal supplied to the input/output
section 6 and discriminates the presence or absence of a
change in such a signal.

Step 8: When there is a change in brightness/darkness
signal, a level adjustment signal is generated from the
data processing section 5 to the A/D converting section
2, thereby adjusting the conversion level from the ana-
log signal to the digital signal in the A/D converting
section 2.

According to the apparatus of the second embodi-
ment as mentioned above, even when the brightness in
the tunnel is changed, by adjusting the conversion level
of the A/D converting section 2, the occurrence of a
change in digital data which is formed in the A/D con-
verting section 2 is prevented. Consequently, there is no
fear of occurrence of an error in the detecting step of
the front edge portion data.

Third embodiment

According to the apparatus of the third embodiment,
a threshold value which is used in the image process is
adjusted to a proper value in accordance with the
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brightness/darkness signal to change the brightness of
the illuminating apparatus in the tunnel.

As shown in FIG. 5, the apparatus of the third em-
bodiment differs from the apparatus of the second em-
bodiment shown in FIG. 3 with respect to a point that
in place of the level adjustment signal which is sent
from the data processing section 5 to the A/D convert-
ing section 2, a command to adjust the threshold value
is sent from the data processing section 5 to the image
processing section 4.

The operation of the apparatus of the third embodi-
ment will now be described on the basis of a flowchart
shown mn FIG. 6.

The video analog signal of the image photographed
by the video camera 1 is sent to the A/D converting
section 2 and converted into digital data. The digital
data 1s transferred to the image memory 3. The digital
data of one frame of the image photographed every
predetermined time interval is stored into the image
memory 3.

Step 1: The image processing section 4 fetches the
digital data stored in the image memory 3 and the back-
ground data.

Step 2: A process to extract data of the vehicle data
from the difference between the digital data and the
background data is executed. .

Step 3: Further, the data exceeding a predetermine
threshold value is taken out from the extracted vehicle
data, thereby detecting the front edge portion of the
vehicle. The detected front edge portion data is sent to
the data processing section 5.

Step 4: The data processing section 5 compares the
previous front edge portion data and the present front
edge portion data, thereby executing a tracking process
of the vehicle.

Step 5: Further, with respect to the running vehicle
whose tracking process has been finished, the existence
as a vehicle which has passed is discriminated and its
velocity, kind of vehicle, and the like are measured.

Step 6: Various kinds of measured traffic information
are generated from the input/output section 6.

Step 7: The data processing section 5 fetches the
brightness/darkness signal supplied to the input/output
section 6 and discriminates the presence or absence of a
change in brightness/darkness signal.

Step 8: When there 1s a change in brightness/darkness
signal, a signal is sent from the data processing section 5
to the image processing section 4, thereby adjusting the
threshold value which is used in the image process to a
proper value.

According to the apparatus of the third embodiment
as mentioned above, even when the brightness in the
tunnel changes, the threshold value in the image pro-
cessing section 4 is adjusted, thereby preventing the
occurrence of a change in front edge portion data de-
tected.

Fourth embodiment

According to the apparatus of the fourth embodi-
ment, the background data which is used in the differen-
tial process in the image processing section 4 is changed
in accordance with the brightness/darkness signal to
change the brightness of the illuminating apparatus in
the tunnel.

As shown in FIG. 7, the apparatus of the fourth em-
bodimment differs from the apparatus of the third em-
bodiment shown in FIG. § with respect to a point that
a plurality of background data corresponding to the
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brightnesses in the tunnel under the brightness/darkness
signals are stored in image memories 3 and 31.

The operation of the apparatus of the fourth embodi-
ment will now be described on the basis of a flowchart
shown in FIG. 8.

The video analog signal of the image photographed
by the video camera 1 is sent to the A/D converting
section 2 and converted into digital data. The digital
data is transferred to the image memory 3. The digital
data of one frame of the image photographed every
predetermined time interval is stored into the image
memory 3.

Step 1: The 1mage processing section 4 fetches the
background data corresponding to the brightness in the
tunnel stored in the image memory 31.

Step 2: Further, the digital data of the image stored in
the 1mage memory 3 is fetched.

Step 3: A process to extract the vehicle data from the
difference between the digital data and the background
data is executed.

Step 4: Further, the front edge portion of the vehicle
extracted i1s detected. The detected front edge portion
data 1s sent to the data processing section 5.

Step 5: The data processing section 5 compares the
previous front edge portion data and the present front
edge portion data, thereby executing a tracking process
of the vehicle.

Step 6: Further, with respect to a running vehicle
whose tracking process has been finished, the existence
as a vehicle which has passed is discriminated and its
velocity, kind of vehicle, and the like are measured.

Step 7: Various kinds of measured traffic information
are generated from the input/output section 6.

Step 8: The data processing section 5 fetches the
brightness/darkness signal supplied to the input/output
section 6 and discriminates the presence or absence of a
change in brightness/darkness signal.

Step 9: When there i1s a change in brightness/darkness
signal, the background data which is supplied from the
image memory 31 to the image processing section 4 is
changed to the background data according to the
brightness/darkness signal.

According to the apparatus of the fourth embodiment
as mentioned above, even when the brightness in the
tunnel 1s changed, the background data which is used in
the differential process is adjusted in accordance with
the brightness in the tunnel, thereby preventing the
occurrence of a change in vehicle data extracted.

Consequently, there 1s no fear of occurrence of an
error 1n the detecting step of the front edge portion
data.

As will be obviously understood from the description
of the embodiments mentioned above, according to the
measuring apparatuses of the moving state of the vehi-
cle in the tunnel of the invention, even when the bright-
ness in the tunnel is changed, the measurement of the
traffic information can be stably continued.

I claim:

1. An apparatus for measuring a moving state of a
vehicle 1n a tunnel, the tunnel having an illumination
light source installed therein, illumination brightness of
the illumination light source being adjusted by an exter-
nally applied brightness/darkness adjustment signal,
said apparatus comprising:

image pickup means, instalied in the tunnel, for gener-

ating image data of the vehicle;

immage processing means for processing the image

data to determine a state of the vehicle;
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input means for receiving said externally applied
brightness/darkness adjustment signal; and

adjusting means for adjusting data generating opera-
tion of said image pickup means or data processing
operation of said image processing means in depen-
dence upon said brightness/darkness adjustment
signal.

2. An apparatus according to claim 1, wherein said

adjusting means 1s adapted for adjusting a diaphragm of

said image pickup means.

3. An apparatus according to claim 1, wherein said
adjusting means 1s adapted for adjusting a conversion
level of an analog/digital converting section included in
sald 1mage processing means.

4. An apparatus according to claim 1, wherein said
adjusting means is adapted for adjusting a threshold
value of said image processing means.

5. An apparatus for measuring a moving state of a
vehicle 1n a tunnel, the tunnel having an illumination
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light source installed therein, illumination brightness of 20

the illumination light source being adjusted by an exter-

nally applied brightness/darkness adjustment signal,

said apparatus comprising:

image pickup means, installed in the tunnel, for gener-
ating image data of the vehicle;

image processing means for processing the image
data to determine a state of the vehicle, said image
processing means comprising memory means for
storing a plurality of background data sets of said
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tunnel in accordance with various possible bright-
ness/darkness adjustment signals;

input means for receiving said externally applied
brightness/darkness adjustment signal; and

adjusting means for adjusting data generating opera-
tion of said image pickup means or data processing
operation of said image processing means in depen-
dence upon said brightness/darkness adjustment
signal, said adjustment means selecting one of the
stored data sets in accordance with said bright-
ness/darkness adjustment signal received by said
input means.

6. An apparatus according to claim 5, wherein:

said memory means includes first memory means for
storing each frame of image data generated by said
image pickup means and second memory means for
storing said sets of background data; and

said 1mage processing means further comprises:

data processing means for evaluating the brightness/-
darkness adjustment signal received by said input
means and enabling selection by said adjusting
means of one of the background data sets stored in
said second memory means, and

means for producing difference data of (a) image data
stored in said first memory means and (b) the one of
the background data sets selected by said adjusting
means to thereby extract possible vehicle data and

measure a moving state of the vehicle.
* %X % * %
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